Objective.-To assess the risk of invasive breast cancer associated with total and beverage-specific alcohol consumption and to evaluate whether dietary and nondietary factors modify the association.
1
However, the relationship between alcohol intake and breast cancer risk is still controversial, even though over 50 epidemiologic studies have examined the association. 2 Numerous studies have shown modest increases in risk associated with high alcohol consumption; however, many of these studies have been relatively small and the associations have not always been statistically significant. A recent meta-analysis 2 found a monotonic increase in breast cancer risk with increasing alcohol consumption; however, statistically significant heterogeneity across studies was evident, raising doubts about whether the association is consistent in different study populations. Few studies have had sufficient numbers of cases to address the question of whether the association is similar for women in different subgroups defined by other breast cancer risk factors.
A limitation of meta-analyses is that the primary sources of data are published results in which alcohol intake has been analyzed using different analytic methods and cutoff points, thereby limiting the comparisons that can be made. In addition, the covariates included in regression models vary from study to study, resulting in differential control for confounding across studies. Analyses of factors that may modify the relationship between alcohol and breast cancer are also not possible from published data because few studies present these data in sufficient or comparable detail. The Pooling Project of Prospective Studies of Diet and Cancer was established to evaluate associations between lifestyle factors and breast cancer risk in prospective studies using a standardized approach. This allowed us to build on previous meta-analyses of alcohol and breast cancer 2, 3 by including additional cohort studies, using uniform exposure categories and covariate definitions across studies, controlling for other dietary constituents, evaluating for effect modification, and correcting for measurement error in alcohol intake.
METHODS
The Pooling Project has been described previously. 4, 5 Briefly, 7 prospective studies [6] [7] [8] [9] [10] [11] [12] (Table 1 ) were identified that met the following predefined criteria: (1) at least 200 incident breast cancer cases, (2) assessment of long-term intake of foods and nutrients, and (3) a validation study of the diet assessment method or a closely related instrument. Consequently, in addition to case-control studies, cohort studies that did not measure dietary data, did not assess long-term diet (ie, used 24-hour recall), did not validate their dietary assessment method, or were recently initiated were ineligible for these analyses. The Adventist Health Study also was excluded from these analyses since alcohol intake was negligible in this study. The Nurses' Health Study was divided into 2 studies (1980-1986 and 1986-1991 follow-up periods) since it had repeated assessments of dietary intake and a longer follow-up period than the other studies.
The baseline food frequency questionnaires for each study inquired about typical consumption of alcoholic beverages. For each beverage, daily alcohol intake in grams was calculated based on the frequency of consumption, the alcohol content of the beverage, and the average quantity consumed. Studyspecific conversion factors for the alcohol content of each beverage were used. Total alcohol intake was calculated as the sum of the beverage-specific intakes.
Risk factors for premenopausal and postmenopausal breast cancer may differ [13] [14] [15] [16] ; however, most studies had information on menopause status at baseline only. To assign changing menopause status during follow-up, an algorithm was developed based on an analysis of 42 531 Nurses' Health Study participants who were premenopausal in 1976 and remained premenopausal or had natural menopause by 1992. Using KaplanMeier curves 17 for time to menopause, we determined the ages at which approximately 50% (age 51 years) and 90% (age 55 years) of the women had become postmenopausal. These ages were used to define the upper and lower bounds for the premenopausal and postmenopausal categories, respectively, in the algorithm. The menopause status of women whose ages were between 51 and 55 years was considered uncertain.
Each study was analyzed using a method consistent with its study design. Five cohorts (Iowa Women's Health Study, New York State Cohort, Nurses' Health Study (a), Nurses' Health Study (b), and the Sweden Mammography Cohort) were analyzed as nested case-control studies with a 1:10 ratio of cases with diagnosed invasive breast cancer to controls free of diagnosed cancer. A nested case-control design also was used for the Canadian National Breast Screening Study; the investigators of that study selected 2 controls for each case. The Netherlands Cohort Study used a casecohort design. 18 Participants were excluded from these analyses if they met study-specific exclusion criteria, reported energy intakes greater than 3 SDs from the studyspecific logarithm-transformed mean energy intake of the baseline population, reported a history of cancer except for nonmelanoma skin cancer at baseline, or had missing data on alcohol intake. For the 6 nested case-control studies, relative risks were estimated using conditional logistic regression (SAS PROC 22- 26 The Canadian National Breast Screening Study was not included in the determination of the relative risks corrected for measurement errors because alcohol intake data were not available in the validation study.
We evaluated whether alcohol intake was linearly associated with breast cancer by comparing nonparametric regression curves using restricted cubic splines to the linear model using the likelihood ratio test, and by visual inspection of the restricted cubic spline graphs. 27, 28 Restricted cubic splines are a graphical method of presenting dose-response curves that make no a priori assumptions about the shape of the curve. Cubic polynomials are fitted between prespecified knots, and restrictions are placed on the resulting curve to ensure a smooth appearance at these knot points. The studies were combined into a single data set stratified by study, since there was no between-study heterogeneity in the other model covariates 5 and because alcohol intake was measured similarly in all studies. Four knot positions were specified at 1.5, 5.0, 15.0, and 30.0 g/d of alcohol. Other numbers and locations of knots were examined, and the curves were similar.
We evaluated whether several factors modified the alcohol and breast cancer association. For each factor of interest, an interaction term between alcohol intake expressed as a continuous variable and each level (excluding the referent level) of the factor was included in a standard multivariate model. Participants missing values for the factor of interest were excluded from these analyses. The Table 2 ). The association was slightly weaker for women who consumed 60 g/d or more of alcohol (Ն4 drinks per day) compared with nondrinkers (relative risk, 1.31; 95% CI, 0.86-1.98; 30 breast cancer cases). Results of the tests for heterogeneity between studies were not statistically significant in any of the consumption categories, even though the patterns of risk differed somewhat across the studies. The pooled relative risks also were not materially different from the relative risks obtained when the studies were combined into 1 data set (data not shown).
Both the nonparametric regression curve (Figure) and test for linearity (P=1.0; null hypothesis, the association is linear) indicated that the association between alcohol and breast cancer was linear for alcohol intakes less than 60 g/d. Although the curve flattened out at intakes above 60 g/d, the test for linearity did not provide evidence for a departure from linearity (P=.33); however, the CIs became very wide because of sparse data.
Because the assumption of linearity was reasonable, we analyzed alcohol intake as a continuous variable. In analyses restricted to women with alcohol intakes less than 60 g/d (Ͼ99% of the women), breast cancer risk increased by 3% to 16% for an increase in alcohol intake of 10 g/d (approximately 0.75-1 drink per day) across the individual studies. In the pooled analyses, breast cancer risk increased by 9% (95% CI, 1.04-1.13) for a 10-g/d increase in alcohol intake (P for heterogeneity among studies, .71). Correction for measurement error in alcohol intake did not affect the association (pooled multivariate relative risk corrected for measurement error, 1.08 for a 10-g/d increase in total alcohol intake; 95% CI, 1.01-1.16). The association was slightly weaker when participants with intakes of 60 g/d or greater were included in the analysis (pooled multivariate relative risk corrected for measurement error, 1.07; 95% CI, 1.01-1.14). For both the categorical and continuous analyses, similar results were obtained when cases diagnosed within the first 1, 2, 3, and 4 years of follow-up were excluded (data not shown).
Continuous estimates of alcohol intakes from beer, wine, and liquor were each positively associated with breast cancer risk in the multivariate analyses. Breast cancer risk increased by 11% (95% CI, 1.04-1.19), 5% (95% CI, 0.98-1.12), and 5% (95% CI, 1.01-1.10) for daily increases of 10 g/d of alcohol from beer, wine, and liquor, respectively, when all 3 beverages were included in the same model. As in the analyses for total alcohol intake, slightly stronger relative risks were obtained when participants with alcohol intakes of 60 g/d or greater were excluded; relative risks for a 10-g/d increase in alcohol intake from beer, wine, and liquor were 1.14 (95% CI, 1.04-1.24), 1.08 (95% CI, 1.00-1.16), and 1.08 (95% CI, 1.02-1.14), respectively. The beverage-specific estimates were not statistically different from one another.
We evaluated whether menopausal status at diagnosis modified the alcohol and breast cancer association (Table 3) . For this comparison, only the 4 studies with both premenopausal and postmenopausal breast cancer cases were included. Among premenopausal women (n=717 breast cancer cases), heterogeneity across the individual studies was evident (P for heterogeneity, .03). Study-specific multivariate relative risks for a 10-g/d increase in alcohol intake ranged from 0.45 (95% CI, 0.19-1.07) for the Sweden Mammography Cohort to 1.09 (95% CI, 0.94-1.26) for the Canadian National Breast Screening Study. The pooled multivariate relative risk was 1.00 (95% CI, 0.87-1.15). For postmenopausal women (n=3163 breast cancer cases), there was no evidence of heterogeneity across studies (P for heterogeneity, .96). The pooled relative risk for postmenopausal breast cancer for all studies was 1.08 (95% CI, 1.04-1.12) for a 10-g/d increase in alcohol consumption. For the 4 studies that included both postmenopausal and premenopausal women, the corresponding relative risk of postmenopausal breast cancer was 1.05 (95% CI, 1.01-1.10). The result of a statistical test for an interaction by menopausal status was not significant (P=.49).
For each of the other factors evaluated as potential effect modifiers, alcohol consumption was positively associated with the risk of breast cancer in each category except for a positive maternal history of breast cancer (Table 3) . No statistically significant pooled interactions were observed. The P values for interaction for other factors that were evaluated but not included in Table 3 were .52 for age at menarche, .45 for parity, .48 for age at first birth, .81 for history of benign breast disease, .12 for oral contraceptive use, .33 for education, .70 for height, .25 for fiber intake, .18 for fat intake, and .31 for smoking.
COMMENT
These analyses indicate that alcohol consumption and the risk of invasive breast cancer are positively associated in women. Women consuming 30 to less than 60 g/d of alcohol (approximately 2.3-4.5 bottles of beer, 2.8-5.6 glasses of wine, or 2.0-4.0 shots of liquor) had a 41% higher risk of invasive breast cancer than nondrinkers. Women consuming 60 g/d or more of alcohol had a 31% higher risk of invasive breast cancer. This attenuation of the alcohol and breast cancer association at intakes of at least 60 g/d may be due to increased measurement error in reported alcohol consumption at high intakes, lack of precision resulting from the very small sample size in the highest consumption category (30 cases, 194 controls), or a real physiologic phenomenon, since breast cancer risk has been reported to plateau at very high alcohol intakes in some other studies evaluating breast cancer incidence. [29] [30] [31] [32] Moreover, a similar pattern was observed in the Cancer Prevention Study II, which examined breast cancer mortality. Compared with nondrinkers, women who consumed 2 to 3 drinks per day had a 50% higher risk of breast cancer mortality (95% CI, 1.2-1.9), but women who consumed at least 4 drinks a day showed no increase in breast cancer mortality (relative risk, 1.0; 95% CI, 0.7-1.4). 33 In our continuous analyses, breast cancer risk was significantly elevated by 9% for each 10-g/d increase in alcohol intake for intakes up to 60 g/d (reported by more than 99% of the participants). When participants with intakes of 60 g/d or greater were included in the analysis, the corresponding relative risk was somewhat attenuated due to the influence of the extreme intake values. The source of the alcohol did not strongly influence the risk estimates. As in most studies, 2 menopausal status did not significantly modify the relationship between alcohol consumption and breast cancer. Although we found little evidence of a positive association among premenopausal women, the CIs were wide and included the association found among postmenopausal women. The alcohol and breast cancer association was not modified by other factors, suggesting that the increased risk associated with increasing alcohol consumption applies to most women.
Many studies have reported associations for alcohol consumption and breast cancer in women. Summarization of these studies is difficult because of the variety of analyses conducted. Studies have compared the number of drinks consumed, the grams of alcohol consumed, and whether individuals consumed any alcohol. Nevertheless, most 2, 6, 14, 31, 32, [34] [35] [36] [37] [38] [39] [40] [41] [42] but not all 2, 15, [43] [44] [45] [46] [47] [48] [49] studies have found an increase in breast cancer risk with high alcohol consumption. Generally, the relative risks have been less than 2.0 for the highest vs the lowest consumers of alcohol. Several of the positive associations 2, 6, 31, [34] [35] [36] [37] [38] [39] [40] [41] [42] but few of the inverse associations 2, 48 have been statistically significant. One possible explanation for the substantial number of positive but nonsignificant findings may be that individual studies have had limited power to detect associations of the magnitude observed for alcohol and breast cancer. Pooling the data from multiple studies, as in the analyses presented here, enhances the power to detect associations of smaller magnitude.
A recent meta-analysis also found that overall breast cancer risk was elevated by 9% for a 10-g/d increase in total alcohol intake. 2 To calculate this statistic, study-specific published results were reexpressed as the slopes of dose-response curves after standardized intake definitions were applied to each consumption category. Our pooled results support the linearity of the assumption at intakes less than 60 g/d and are similar to the findings of the meta-analysis, even though 3 additional cohort studies were included in our analysis, and for 2 of the 3 studies included in both analyses, more than 1400 additional incident breast cancer cases were included in our pooled analyses. Recently, progress has been made in understanding potential biological mechanisms by which alcohol may increase breast cancer risk. Several studies [50] [51] [52] have shown positive correlations between alcohol intake and plasma or urinary estrogen levels; however, other studies have found no association. [53] [54] [55] [56] [57] Moreover, some studies have found that women with alcoholism have higher estrogen levels than moderate alcohol consumers 58, 59 and nondrinkers, 60 although 1 study found no difference between alcoholic women and moderate alcohol consumers. 61 Several intervention studies have found that estradiol levels increased significantly when alcohol but not placebo was administered to premenopausal women [62] [63] [64] and postmenopausal women 65 who used estrogen replacement therapy. In addition, in a crossover feeding study of premenopausal women, significantly higher urinary but not plasma estrogen levels were observed in the luteal phase of the menstrual cycle during the alcohol-containing diet period compared with the alcohol-free diet period. 66 The increased estrogen level in women consuming alcohol is hypothesized to be due either to a decrease in the metabolic clearance of estrogens or to increased secretion. 67 Alcohol also may affect breast cancer risk by acting as a cocarcinogen, improving the permeability of membranes to carcinogens, inhibiting the detoxification of carcinogens, and activating procarcinogens. 68 There are several limitations of this pooled analysis. Only information on current alcohol consumption at baseline was available across all studies. As a result, the reference group of nondrinkers may include former drinkers. Some studies have shown that former drinkers have an increased risk of breast cancer compared with never drinkers. [69] [70] [71] Thus, our results for current alcohol consumption may be somewhat attenuated. In addition, since only recent alcohol consumption was measured, lifetime alcohol consumption and consumption during early adulthood could not be examined. Alcohol consumption may be underreported, thereby biasing estimates of dose-response relationships toward the null.
However, validation studies of the food frequency questionnaires used in each of these studies have shown that alcohol intake was measured with high validity. 12, 23, 24, 72 Moreover, risk estimates were only slightly changed in analyses that corrected for measurement error in the food frequency questionnaire.
This study provides further evidence that alcohol consumption increases breast cancer risk among women. The approximately 30% to 40% higher risk in individuals consuming at least 30 g/d of alcohol vs nondrinkers is similar to or slightly stronger than associations observed for several reproductive factors and a positive family history. For example, in this data set, breast cancer risk was 25% higher in women whose age at menarche was 12 years or younger vs 15 years or older and was 50% higher for women with a history of breast cancer in their mother compared with women who had no family history. 5 However, unlike these risk factors, alcohol intake is a potentially modifiable behavior. Future research should focus on the effects of drinking patterns, the influence of early drinking on risks associated with drinking at later ages, the potential effects of high alcohol consumption, and the potential mechanisms by which alcohol may affect breast cancer risk. Since moderate alcohol consumption is associated with reduced risks of cardiovascular disease and overall mortality among women, 33, 73, 74 the risk-benefit ratio of alcohol consumption is complex. However, other modifiable risk factors exist that reduce the risk of heart disease, such as moderate exercise, avoiding smoking, and avoiding obesity. 75 Ultimately, analyses simultaneously considering cancer, cardiovascular disease, and other end points, such as traffic accidents and domestic trauma, are required to define the costs and benefits of alcohol consumption. Meanwhile, reduction of regular alcohol consumption in women is likely to reduce breast cancer risk.
